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Equipment and method for exchanging power / in shunt 
connection, with an electric power network^ and use of such 
equipment 

TECHNICAL FIELD 

The present invention relates to equipment for exchanging 
power, in shunt connection, with an electric power network, 
a method for this purpose, and use of such equipment for 
this purpose. 

The equipment comprises a reactive impedance element and a 
voltage source converter for mutual connection in series. 

BACKGROUND ART 

Compensation of reactive power flows in electric power net- 
works Qonventionally occurs, inter alia, by connection of 
reactive impedance elements, whereby is meant in this con- 
text inductors and capacitors, in shunt connection to the 
power network. By connection of a thyristor switch, essen- 
tially comprising two thyristor valves in antiparallel 
connection, in series with an inductor, the current through 
the inductor may be controlled and hence also the exchange 
of reactive power by the device with the power network 
(Thyristor Controlled Reactor - TCR) . In a similar manner, 
capacitors may be respectively connected to and disconnected 
from the power network by means of electric switching devi- 
ces, for example thyristor switches, whereby the reactive 
power supplied to the power network may be controlled in 
steps (Thyristor Switched Capacitor - TSC) . Fixed capacitors 
also often occur in combination with TCRs and combinations 
of TSCs and TCRs, which makes possible a continuous control 
of the reactive power exchange with the power network. 

Capacitors connected in shunt connection are used primarily 
in industrial networks to compensate for the reactive power 
consximption in, for example, large asynchronous motors. 
Other typical applications, where often a combination of 
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fixed capacitors and TCRs is advantageous, is in connection 
with loads with a greatly varying reactive power consump- 
tion, such as, for example, in arc furnaces. In certain 
cases, it may be suitable to connect the compensation 
equipment to the industrial network via a transformer. 

With the arrival of Voltage Source Converters (VSCs) , 
equipped with series-connected transistors (IGBT) , it has 
been possible to use this kind of converters for relatively 
high voltages . Control by means of pulse-width modulation 
(PWM) allows a rapid control of the voltage generated by the 
converters . Converters of this kind thus constitute a device 
that enables a rapid control of a generated ac voltage, both 
with respect to amplitude and phase position. 

With the converter connected to a power network with a 
certain fundamental frequency, nominally usually 50 or 60 
Hz, the voltage generated by the converter is brought to 
comprise a component of the fundamental frequency, in the 
following referred to as the fundamental voltage, but in 
addition thereto, because of the pulse-width modulation, • 
also components of other f recjuencies . 

However, in the following, only the fundamental voltage is 
taken into consideration. 

It is known to connect such a voltage source converter to an 
industrial network to achieve a rapidly controllable reac- 
tive power exchange with the network - see, for example, ABB 
Review 6/98 pp 21-30: SVC Light - A powerful tool for power 
quality improvement (Bo Bijlenga, Rolf Grtinbaum, Thomas 
Johansson) . 

The connection of the converter is made in these known 
applications via phase inductors, which are normally dimen- 
sioned such that, at the rated current of the converter, 
they take up about 10-30% of the network's nominal voltage 
of fundamental frequency. The converter is brought to gene- 
rate a voltage, the fundamental component of which, both 



wo 03/069757 



PCT/SE03/00015 



3 



with regard to frequency and phase position, essentially 
coincides with the voltage of the network (to cover active 
losses in converters and phase inductors, the phase position 
must deviate somewhat from the phase position for the vol- 
tage of the network; this is disregarded in this reasoning 
on principles) , and by varying the amplitude of the genera- 
ted voltage, the converter may be brought to consume reac- 
tive power, if its voltage has a lower amplitude than that 
of the network, and to generate reactive power, respective- 
ly, if its voltage has a higher amplitude than that of the 
network. Since, in industrial networks, the task is normally 
to generate reactive power, the voltage source converter is 
normally supplemented by a capacitor, which may possibly be 
connectible in steps. 

Thus, according to the above-mentioned technique, the con- 
verter must be dimensioned for a voltage equal to the nomi- 
nal voltage of the network plus a control range for gene- 
ration of reactive power. 

However, it often proves that such a configuration leads to 
the converter not being capable of being utilized in full 
with respect to its capacity to carry current, and this also 
means that it becomes overdimensioned with respect to cur- 
rent. To achieve a better utilization of the converter, it 
may then be connected via a transformer, which changes the 
ratio of current to voltage in the converter and hence 
enables a better utilization. This, however, entails an 
additional component in the installation. 

Inductors coupled in shunt are primarily used in high- 
voltage transmission networks with overhead lines but also 
in transmission networks with cables, in the latter case 
also at lower voltages. 

The purpose of this is above all to suppress overvoltages 
that may arise in connection with switching operations in 
the transmission network and to counteract voltage rises 
along a transmission line at low load. On the other hand. 
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this means that the inductor, at increasing load, contri- 
butes to a non-desired voltage drop along the line. 

It is known to use an inductor, connect ible by means of a 
5 switch, with a fixed inductor to counteract voltage varia- 
tions along the line at varying load. However, this control 
of the reactive power exchange with the transmission network 
is discontinuous and, in comparison with the above-mentioned 
overvoltages, relatively slow. In this case, the task of the 

10 fixed inductor is to reduce overvoltages in connection with 
sudden voltage rises caused, for example, by switching ope- 
rations in the power network. The fixed inductor may be 
equipped with a thyristor switch of the kind mentioned above 
in connection with TCRs. Such a solution, however, entails a 

15 limited control speed, caused by the mode of operation of 
the thyristor switch, 

SUMMARY OF THE INVENTION 

20 It is an object of the invention to provide equipment of the 
kind described in the introductory part of the description 
for use in industrial networks, which equipment, without the 
use of a transformer, allows improved utilization of the 
converter, and to provide a method for this object. 

25 

It is a further object of the invention to provide equipment 
of the kind described in the introductory part of the des- 
cription for use in high-voltage transmission lines, which 
equipment allows a rapid and continuous control of the power 
30 exchange with the transmission line, and to provide a method 
for this object. 

According to the invention, these objects are achieved by 
dimensioning the voltage source converter for a control 
35 range that limits the amplitude of the fundamental voltage 
to a value that is lower thcin the nominal voltage of the 
power network and comprises generation of a reactive com- 
ponent of the fundamental voltage with a phase position that 
either coincides with the phase position for the voltage of 
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the power network or that deviates by 180° electrically from 
the phase position for the voltage of the power network. 

In an advantageous further development of the invention, the 
control range of the converter comprises, in addition there- 
to, generation of an active component of the fundamental 
voltage with a phase position that deviates from the phase 
position for the voltage of the power network by +90° elec- 
trically or by -90'' electrically and with an amplitude that 
brings about an exchange of active power with the power net- 
work. 

In another advantageous further development, the equipment 
comprises a control system for controlling, in dependence on 
electric variables sensed in the power network, the funda- 
mental voltage generated by the converter with regard to 
amplitude and phase position within the control range, 
whereby the control system comprises a signals-processing 
member with a phase -advancing characteristic in a frequency 
interval surrounding the frequency 8.8 Hz and means for 
forming a reference value for the current of the converter 
in dependence on an output signal from said signal- 
processing member. 

Additional advantageous further developments of the inven- 
tion will become clear from the following description and 
claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in greater detail by desc- 
ription of embodiments with reference to the accompanying 
drawings, which are all schematic and in the form of single- 
line diagrams, diagrams, and block diagrams, and wherein: 



Figure 1 shows a piece of equipment with a voltage source 
converter and an inductive impedance element for 
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compensation of reactive power according to the 
prior art. 

Figure 2 shows an embodiment of the invention with a vol- 
tage source converter and a capacitive impedance 
element/ 

Figure 3 shows an embodiment of the invention with a vol- 
tage source converter and an inductive impedance 
element , 

Figure 4 shows a relationship between reactive power con- 
sumption and voltage generated by the converter in 
an embodiment of the invention according to Figure 
3, 

Figure 5 shows a further embodiment of the invention with a 
voltage source converter and an inductive impe- 
dance element. 

Figure 6 shows in a vector diagram a relationship between 

the voltage of the power network and voltage gene- 
rated by the converter in a further development of 
the invention. 

Figure 7 A shows in more detail an embodiment of the inven- 
tion according to Figure 3, and 



Figure 7B shows details of an embodiment of a control system 
for an embodiment of the invention according to 
Figure 7A. 

DESCRIPTION OF PREFERRED EMBODIMENTS 



The following description relates to the method as well as 
the device. 
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The invention will be explained below by meeins of a compa- 
rative example of prior art. 

Figure 1 shows the main circuits in three-phase equipment 
for compensation of reactive power carried out according to 
the prior art. The equipment comprises a capacitor bank C 
and a voltage source converter VBC , connected to a power 
network N with a voltage U and with a fundamental frequency 
( / ) . The nominal voltage of the power network is referred 

to in the following as Un. Typically, the power network N 
may be an industrial network with a voltage 36 kV. The ca- 
pacitor bank is shown in this context simplified as a capa- 
citor C connected to the power network via a filter induc- 
tor Lf . In practice, however / the capacitor C is usually 
distributed among a plurality of capacitors, each one being 
connected to the power network via a respective filter in- 
ductor for tuning emd filtering of selected harmonics in the 
power network. 

The converter is connected to the power network via phase 
inductors Lph. Through the capacitor C , a current IC 
flows, and through the converter a current IS' flows. The 
voltage on the phase teintiinal of the converter is designated 
US' . 

As mentioned above, only the component of the fundamental 
frequency (nominally usually 50 Hz or 60 Hz) of currents and 
voltages is taken into consideration in the following. 
Further, for the sake of simplicity, currents, voltages and 
powers are expressed, in a manner known per se, in per 
units . 

Let it be asstimed that the equipment is to be able to gene- 
rate a reactive power that is continuously controllable in 
the range of 0.5-1.0 per unit. According to the prior art, a 
preferred dimensioning of the components included is then 
for the capacitor C' to generate a reactive power of 0.75 
per unit at a voltage of the power network of 1.0 per unit. 
Consequently, the reactive power flow from the converter 
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VSC and the phase inductor Lph shall then be continuously 
controllable within the interval +/- 0.25 per unit, which is 
equivalent to these components, at a voltage of the power 
network equal to 1.0 per unit, being traversed by a current 
IS' equal to 0.25 per unit. Let it be assumed that the 

phase inductor Lph is dimensioned such that, at the current 
0.25 per unit, the voltage drop across this amounts to 0.20 
per unit . This means that when the converter is to generate 
a reactive power of 0.25 per \anit, its voltage US' must be 
equal to the line voltage plus the voltage drop across the 
phase inductor, that is, equal to 1.20 per unit. Thus, the 
converter must be dimensioned for a voltage of 1.20 per unit 
and for an apparent power equal to 1.20 x 0.25 = 0.3 0 per 



It is to be noted that, in this case, the voltage generated 
by the converter has the same phase position as the line 
voltage U. 

According to an embodiment of the invention illustrated in 
Figure 2 , a voltage source converter VSC is now connected to 
the power network N via a capacitor C and a filter inductor 
Lf . Through the converter and the capacitor, a current IC 
flows, and the voltage of the phase terminal of the conver- 
ter is designated US. In the following, the .voltage drop of 
fundamental frequency across the filter inductor Lf is omit- 
ted. 

With the same requirements for continuously controllable 
reactive power generation as in the example above, the 
capacitor C is dimensioned preferably such that, at the 
current IC equal to 1.0 per unit, it generates a reactive 
power of 1.33 per unit. The impedance of the capacitor 
expressed in per unit is thus 1.33 and at the current IC 
equal to 1.0 per unit, the voltage UC across the capacitor 
is thus equal to 1.33 per unit. By controlling the fundamen- 
tal voltage of the converter to -0.33 per unit, the current 
IC will thus be equal to 1.0 per unit, and by controlling 
the fundamental voltage of the converter to +0.33 per xmit. 



unit . 
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the current IC becomes equal to 0.5 per unit. In this embo- 
diment of the invention, the converter is thus dimensioned 
for a control range in voltage amplitude of +/- 0.33 per 
iinit . 

A comparison between the equipment according to the prior 
art described above and the present embodiment of the inven- 
tion thus shows that the capacitor forming part of the prior 
art shall be dimensioned for an apparent power of 0,75 per 
unit whereas according to the invention it shall be dimen- 
sioned for an apparent power of 1.33 per unit. However, what 
is an advantage with the invention from an economic point of 
view is that the converter according to the prior art must 
be dimensioned for a voltage equal to 1.20 per unit, whereas 
according to the invention it needs to be dimensioned only 
for a voltage equal to 0.33 per unit. This normally implies 
that the number of series-connected semiconductor devices in 
the converter may be reduced. To satisfy the need of current 
capacity for the converter, normally only a component, avai- 
lable per se, with a suitable current -handling capacity 
needs to be resorted to. 

It is to be noted that in this embodiment of the invention, 
the fundamental voltage US generated by the converter has a 
phase position that either coincides with the phase position 
of the voltage U of the power network or that deviates by 
180'' electrically from the phase position for the voltage of 
the power network (in this reasoning on principles, the fact 
that the phase position must deviate somewhat from the 
above-mentioned phase positions to cover active losses in 
the equipment is disregarded) . The capacitor C is dimensio- 
ned for a voltage corresponding to the line voltage plus the 
voltage that the converter generates with an opposite phase 
position in relation to the line voltage. 

Figure 3 shows an embodiment of the invention for consump- 
tion of reactive power. The difference vis-a-vis the embodi- 
ment described with reference to Figure 2 is that the capa- 
citor bank C and the filter inductor Lf are replaced by an 



wo 03/069757 



PCT/SE03/00015 



10 



inductor LC, dimensioned for a voltage corresponding to the 
line voltage plus the voltage that the converter generates 
with an opposite phase position in relation to the line vol- 
tage. Through the converter and the inductor, a current IL 
flows. Otherwise, the mode of operation of this embodiment 
of the invention is completely analogous to what is descri- 
bed with reference to Figure 2. 

The mode of operation of the embodiment of the invention 
shown in Figure 3 is further illustrated in Figure 4, which 
on the horizontal cixis shows reactive power consumption and 
on the vertical axis the magnitude of the fundamental vol- 
tage US generated by the converter. In the area to the left 
of the vertical axis, the fundamental voltage generated by 
the converter has the phase position <j) = 0° electrically in 
relation to the phase position of the line voltage, in the 
area to the right of the vertical axis, the voltage genera- 
ted by the converter has the phase position <|) = 180*^ elec- 
trically in relation to the phase position of the line vol- 
tage. The thick line on the horizontal axis illustrates how 
the reactive power consumption varies between a minimum 
value Qmin and a maximum value Qmax in dependence on the 
amplitude and phase position of the voltage generated by the 
converter . 

Especially when the power network is in the form of a high- 
voltage transmission line, typically of a voltage level in 
the range of 132 - 500 kV, it is desirable to achieve a 
continuous and rapid control of a shunt-connected inductor. 
This may be advantageously achieved by utilizing a voltage 
source converter in a manner similar to that described above 
with reference to Figures 2 and 3, whereby, in this embodi- 
ment of the invention, a transformer is connected between 
the inductor and the converter in the manner illustrated in 
Figure 5. 



Compared with the equipment described with reference to 
Figure 3 , the equipment described in Figure 5 shows , in 
addition thereto, a transformer T, connected between the 
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inductor LC and the converter VSC. With a nominal voltage Un 
on the transmission line of 500 kV, the transformer may pre- 
ferably be designed with a transformation ratio 132/20 to 36 
kV. In the conceived case that a method analogous to that 
described with reference to Figure 1 should be used, the 
converter must then be connected via a transformer with the 
transformation ratio 500/20 to 36 kV. Such a transformer is 
more expensive than a transformer dimensioned for, for 
example, a primary voltage of 132 kV. With equipment and a 
method according to the invention, a significant saving in 
transformer cost is thus obtained. 

In the above-described examples of both prior art and of 
embodiments of the invention, it is required that the vol- 
tage generated by the converter be limited within a control 
range that does not bring about a voltage overload of the 
reactive impedance element. For the example of prior art 
described with reference to Figure 1, this means in prin- 
ciple that the control range of the converter with respect 
to amplitude is to be limited to an interval of 0.8 to 1.2 
per unit with a phase position for the generated voltage 
that has the same phase position as the voltage of the power 
network. An amplitude lower than 0.8 per unit or, at an am- 
plitude of 0.8 per unit, a deviation from this phase posi- 
tion (in this reasoning on principles, the fact that the 
phase position must deviate somewhat from the above- 
mentioned phase position to cover active losses in the 
equipment is still disregarded) would mean that the voltage 
across the phase inductor Lph would then exceed 0.2 per 
unit. 

For the embodiment of the invention described with reference 
to Figure 2, this means, in principle, that the control 
range of the converter with respect to amplitude is to be 
limited to 0.33 per unit but with a phase position of the 
generated ftmdamental voltage that comprises a phase posi- 
tion that deviates by 180= electrically from the phase po- 
sition for the voltage of the power network. At a phase po- 
sition that deviates by 180 « from the phase position for the 



wo 03/069757 



PCT/SE03/00015 



12 



10 



15 



20 



25 



30 



voltage of the power network eind an amplitude larger than 
0.33 per unit, the voltage across the capacitor C would 
otherwise exceed 1.33 per unit. The corresponding reasoning 
applies also to the embodiments of the invention described 
with reference to Figures 3 and 5 . 

In the above description of embodiments of the invention, 
losses in the described equipment have not been considered. 

However, the converter must also generate a certain active 
power to cover resistive losses in the equipment. This is 
achieved in a manner known per se by va^cying the phase 
position of the generated voltage relative to the line 
voltage to phase positions that differ from 0** electrically 
and 180** electrically. The energy associated therewith is 
covered by discharge of the dc voltage capacitor, which is 
therefore arranged with a voltage control for maintaining 
its dc voltage constant. The voltage generated by the con- 
verter will therefore comprise a component with a phase 
position coinciding with the phase position of the power 
network or differing therefrom by 180° electrically, and a 
component with a phase position differing from the phase 
position for the voltage of the power network by 90° elec- 
trically. 

For equipment according to the invention, the control range 
for the converter shall thus comprise generation of a vol- 
tage that has a component with a phase position differing by 
180** electrically from the phase position for the voltage of 
the power network. 

It is a known phenomenon that power oscillations may arise 
in transmission lines and that oscillations in the voltage 
of the transmission line associated therewith may be damped 
by an exchsmge of reactive power with the transmission line. 



In a further development of the invention, especially 
advantageous in the above-mentioned application in indus- 
trial networks, the fundamental voltage generated by the 
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converter is controlled, in a manner known per se, also to 
phase positions that lie in either of the intervals 0^-180° 
electrically and 180°--3 60° electrically relative to the phase 
position of the line voltage, and then with an amplitude and 
a phase angle that, in addition to covering losses in the 
equipment, permit an exchange of active power with the power 
network , 



A vector representation of the voltage ratio in this further 

10 development of the invention is illustrated in Figure 6 (for 
equipment according to Figure 5 with the voltage US genera- 
ted by the converter transformed to the high-voltage side of 
the transformer) . The intersection point between the verti- 
cal and horizontal axes constitutes the origin of coordina- 

15 tes for a vector representation of the line voltage U and 
the horizontal axis represents the phase position of the 
line voltage. The line voltage and the voltage generated by 
the converter are shown in the figure by a vector U and a 
vector US^ respectively. The voltage US has the phase posi- 

20 tion ^ relative to the line voltage. The voltage UL across 
the inductor LC (Figures 4 and 5) is represented in the fi- 
gure by the vectorial difference between vector U and vector 
US. The circle in the figure indicates the control range A 
within which the voltage generated by the converter may be 

25 controlled with respect to amplitude and phase position. 



The amplitude of the reactive component of the current IL 
(Figures 4 and 5) , and hence the magnitude of the reactive 
power that is exchanged with the power network, is dependent 
30 on the reactive component USr of the fundamental voltage US 
along the horizontal axis. The active power exchange with 
the power network is dependent on the active component USa 
of the voltage US along the vertical axis. 

35 By control of the voltage of the converter to an arbitrairy 
phase position in relation to the voltage of the power net- 
work, both reactive and active power may thus be exchanged 
with the network. 



wo 03/069757 



PCT/SE03/00015 



14 



10 



15 



20 



25 



30 



The extent of the exchange of active power with the power 
network is determined by the energy storage capacity in the 
dc circuit of the converter. This dc circuit generally com- 
prises a capacitor CD (Figures 1-3 and 5) 'and based on a 
given energy that is to be exchanged with the power network, 
this capacitor may be dimensioned so that the energy ex- 
change may take place with a substantially retained voltage. 
Briefly, however, the voltage across the capacitor may be 
allowed to vary typically in an interval of from 0.7 to 1.25 
per unit. With regard to stored energy, the capacitor CD may 
be typically dimensioned such that, at nominal active cur- 
rent, it is discharged from nominal voltage to zero voltage 
in 5 to 20 ms. 

So-called flicker consists of. voltage variations in the 
power network within a frequency range that may be observed 
by and is disturbing to the human eye in case of electric 
lighting supplied by the ac network. 

For reducing flicker, which typically occurs in applications 
in industrial networks, it has proved to be advantageous, in 
addition to compensating the voltage variations by means of 
exchange of reactive power with the power network, also to 
introduce a transient exchange of active power in the manner 
described above. 

As mentioned above, the dc voltage capacitor is arranged 
with a voltage control for maintaining its dc voltage con- 
stant, and for achieving the above-mentioned transient ex- 
change of active power with the power network for reduction 
of flicker, it must be ensured that the voltage control of 
the dc voltage capacitor does not essentially counteract the 
interventions from the control system for reduction of 
flicker. 



A specified and standardized disturbance curve, weighed in 
dependence on the frequency, exhibits a maximum at a fre- 
quency of about 8.8 Hz, and a system for reducing flicker 
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should therefore advcintageously be active in an interval 
around this frequency - 

Figure 7A shows in more detail a piece of equipment of the 
5 kind described with reference to Figure 3 . A circuit breaker 
CBl and a surge arrester ZD connected in parallel therewith 
are connected between ground and the connection point 
between the inductor LC and the converter VSC. When starting 
the equipment, when the circuit breaker CBl is in a closed 

10 position, the inductor LC is connected to the power network 
via a circuit breaker CB2, whereupon the circuit breaker CBl 
is opened. In the event that the dc voltage capacitor CD is 
then not charged to substantially nominal voltage, for 
example by means of an external voltage source, the capaci- 

15 tor will be charged via the diodes which, in a known manner, 
are arranged in an antiparallel connection with the con- 
trollable semiconductor elements of the converter. When the 
voltage of the dc voltage capacitor has substantially 
reached its nominal value, the control equipment of - the con- 

20 verter is deblocked and the converter is brought to generate 
the voltage US. During the mentioned charging process via 
the diodes of the converter, active power is thus drawn from 
the network during a transition period. 

25 In the event that the converter must be blocked, for example 
due to the occurrence of an internal fault during operation, 
the voltage US will initially increase due to the current IL 
through the inductor being rectified via the mentioned dio- 
des. The surge arrester ZD then limits the voltage US to 

30 permissible values until the circuit breaker CBl, via pro- 
tective equipment (not shown) , is closed. 

Alternatively or as a complement, a surge arrester may be 
connected across the dc voltage capacitor CD (not shown in 
35 the figure) to limit the voltage thereof. As a further al- 
ternative for the purpose of limiting the voltage across the 
dc voltage capacitor, a further converter (not shown in the 
figure) may be connected to the capacitor to transmit there- 
from active power to an electric power network. 
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The current IL is measured by means of a current-measuring 
device Mil. A superordinate control member 71 forms, in some 
manner known per se, in dependence on electric variables 
such as current and voltage measured in the power network 
and on reference values not shown, a reference value ILR for 
the current IL. In Figure 7A, this is exemplified such that 
a value of the voltage U, sensed by means of a voltage- 
measuring device MU, is applied to the control member 71. 

The reference value ILR for the current IL and the sensed 
value of the current thereof are supplied to a difference- 
forming member 72, and the difference is supplied to current 
control system 73 designed in some -manner knovm per se. Ttoe 
current control system forms, in a manner also known per se, 
reference values USR for the three phase voltages of the 
converter. The reference values USR are supplied to a modu- 
lating unit 74, which, in accordance with a chosen patteam 
for pulse-width modulation, forms firing pulses Fp to the 
controllable semiconductor elements of the converter. 

Devices in the control system known to the person skilled in 
the art, such as, for example, for synchronization of the 
voltage of the converter with the voltage of the power net- 
work with respect to frequency and phase position, are not 
shown in this figure. 

In Figure 7B, parts of a control system, known per se, for 
reducing flicker are illustrated. The voltage U and the 
current I are sensed at a point in the power network N by 
means of the voltage-measuring device MU and a current- 
measuring device MI2. The sensed values of current and 
voltage are supplied to a calculating member 75 which, in 
some manner known per se, forms values p{t) of active power 
flow and q(t) of reactive power flow at the measuring point. 

A signal -processing member 76 is provided with a transfer 
function that renders the control system active in the fre- 
quency interval that is of interest for reducing flicker. 
Preferably, the member 76 is provided with a phase -advancing 
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(deriving) characteristic in a frequency interval around the 
frequency 8.8 Hz such that its transfer function H(s) com- 
prises a term of the form H(s) = K(l + sTl)/(l + sT2) , where 
s is the Laplace operator, K an amplification factor and Tl 
5 and T2, with T2 < Tl, time constants corresponding to said 
frequency interval. 

The amplitude amplification for the member 7 6 as a function 
of the frequency is indicated in the block 7 6 in the figure. 

10 

The signal -processing member 76 is supplied with the value 
p(t) and forwards to the superordinate member 71 essentially 
those components of the active power flow that lie within 
the mentioned frequency interval. The superordinate control 

15 member 71 is also supplied with the value q(t) and forms 

from the values supplied thereto, in some manner known per 
se, a reference value ILR for the current IL. The reference 
value thus formed will thus comprise one active and one re- 
active component of the current IL and will result in both 

20 an active and a reactive component of the fundamental vol- 
tage . 

The invention is not limited to the embodiments shown but 
the person skilled in the art may, of course, modify it in a 
25 plurality of ways within the scope of the invention as defi- 
ned by the claims. 

With equipment and a method according to the invention, the 
following advantages, inter alia, are obtained. 

30 

In case of a transformerless connection of the converter to 
the reactive impedance element, a converter for a lower no- 
minal voltage and a correspondingly higher current may be 
utilized, compared with the prior art. This makes possible a 
35 better utilization of the converter and hence normally a 
lower installation cost for the equipment. 



For those cases where the voltage level of the power network 
requires connection of the converter to the reactive impe- 



wo 03/069757 




PCT/SE03/00015 



18 



dance element via a transformer, this treins former may be de- 
signed for a primary voltage that is considerably lower than 
the nominal voltage of the power network. 

5 In shunt inductors arranged in transmission lines, a possi- 
bility of a rapid and continuous control of the current 
through the inductor is created, which control may be uti- 
lized for reducing overvoltages caused, for example, by 
switching operations in the power network, damping of power 
10 oscillations in the transmission line, and for voltage con- 
trol in case of a varying transmission of power in the 
transmission line. 

Existing shunt inductors may be supplemented in a simple 
15 manner by a voltage source converter with a control rsmge 
according to the invention. 

With the further development of the invention where the con- 
trol range of the converter also comprises generation of an 

20 active component (USa) of the f\andamental voltage with a 

phase position that devia'tes from the phase position for the 
voltage of the power network by +90- electrically or -9 0^ 
electrically and with an amplitude that brings about an ex- 
change of active power with the power network, the equipment 

25 may be utilized for damping flicker, by being provided with 
a superordinate control member in a manner known per se, by 
a transient exchange of active power with the power network. 
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CLAIMS 

1. Equipment for exchanging power, in shunt connection, with 
an electric power network (N) , the power network having a 

5 nominal voltage (Un) of a fundamental frequency {£) and a 
given phase position, the equipment comprising a reactive 
impedance element (C, LC) and a voltage source converter 
(VSC) for mutual connection in series, the converter being 
intended for generation of a fundamental voltage (US) within 

10 a control range (A) that limits the amplitude of the gene- 
rated fundamental voltage, charact:erlzed in that the control 
range of the converter limits the amplitude of the fundamen- 
tal voltage to a value that is lower than the nominal vol- 
tage of the power network and comprises generation of a re- 

15 active component (USr) of the fundamental voltage with a 

phase position (^) that either coincides with the phase po- 
sition for the voltage of the power network or that deviates 
by 180° electrically from the phase position for the voltage 
of the power network. 

20 

2. Equipment according to claim 1, characterized in that the 
reactive impedance element consists of a capacitor (C) , 

3. Equipment according to claim 1, characterized in that the 
25 reactive impedance element consists of an inductor (LC) • 

4 . Equipment according to claim 3 , characterized in that it 
comprises a transformer (T) connected between the inductor 
and the converter. 

30 

5. Equipment according to any of the preceding claims, 
characterized in that the control range of the converter 
comprises, in addition thereto, generation of an active 
component (USa) of the fundamental voltage with a phase 

35 position that deviates from the phase position for the 

voltage of the power network by +90° electrically or by -90° 
electrically and with an amplitude that brings about an 
exchange of active power with the power network. 
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6 . Equipment according to any of the preceding claims , 
characterized in that the converter comprises a control sys- 
tem (71-74) for controlling the fiandamental voltage genera- 
ted by the converter with respect to amplitude and phase po- 

5 sition within the control range, in dependence on electric 
variables (U, I) sensed in the power network. 

7. Equipment according to claim 6, characterized in that the 
control system comprises means (71, 75-76) for forming a 

10 reference value (ILR) for the current (XL) of the converter, 
in dependence on a voltage variation sensed in the power 
network, said reference value resulting in both an active 
and a reactive component of the fundamental voltage. 

15 8. Equipment according to claim 7, characterized in that 
said means in the control system comprises means (75) for 
forming, in dependence on a sensed current (I) and a sensed 
voltage (U) in the power network, a value (p(t)) of active 
power flow in the power network, a signal-processing member 

20 (76) with a phase -advancing characteristic in a frequency 

interval surrounding the frequency 8.8 Hz which is supplied 
with said value of active power flow in the power network, 
and means (7) for. forming the reference value for the cur- 
rent of the converter in dependence on an output signal from 

25 said signal -processing member. 

9. A method for exchanging power, in shunt connection, with 
an electric power network (N) with a nominal voltage (Un) of 
a fundamental frequency {f) and a given phase position, 
3 0 wherein 

a reactive impedance element (C, LC) and a voltage source 
converter (VSC) are connected to each other in series 
connection and in shunt connection to the power network, and 
wherein the converter generates a fundamental voltage (US) 
35 within a control range (A) that limits the amplitude of the 
generated f\indamental voltage, characterized in that 

the control range of the converter is * chosen such that 
the generated fundamental voltage is lower in amplitude than 
the nominal voltage of the power network, and comprises ge- 
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neration of a reactive component (USr) of the fundamental 
voltage with a phase position (<|)) that either coincides with 
the phase position for the voltage of the power network or 
that deviates by ISC' electrically from the phase position 
5 for the voltage of the power network, 

whereby a reactive power exchange with the power network 
is achieved by controlling the fundamental voltage generated 
by the converter within the control range. 



10 10. A method according to claim 9, characterized in that 

the control range of the converter is chosen such that, 
in addition thereto, it comprises generation of an active 
component (USa) of the fundamental voltage with a phase po- 
sition that deviates from the phase position for the voltage 

15 of the power network by +90° electrically or by -90° electri- 
cally, 

whereby an active power exchange with the power network 
is achieved by controlling the voltage generated by the con- 
verter, with respect to its amplitude, within the control 
20 range and to a phase position that deviates from the phase 
position for the voltage of the power network by +90° elec- 
trically or by -90° electrically. 

11. A method according to claim 9, wherein the converter 
25 comprises a control system (71-74) for controlling, in de- 
pendence on electric variables (U, I) sensed in the power 
network, the fundamental voltage generated by the converter, 
with respect to amplitude and phase position, within the 
control range, cliaracterlzed in that 
30 a value (p{t)) of active power flow is formed in the 

power network, 

said value of active power flow in the power network is 
supplied to a signal-processing member (76) with a phase- 
advancing characteristic in a frequency interval surrounding 
35 the frequency 8,8 Hz, and that 

a reference value (ILR) for the current (IL) of the con- 
verter is formed in dependence on an output signal from said 
signal-processing member, which reference value results in 
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an active component of the fundamental voltage generated by 
the converter, 

12 . Use of equipment according to claim 1 for exchange of 
5 reactive power with an electric power network. 

13 . Use of equipment according to any of claims 3 and 4 in 
transmission lines for reducing overvoltages , for damping 
power oscillations, and for voltage control at varying 

10 transmission of power in the transmission line. 



14. Use of equipment according to claim 8 for exchange of 
active power with a power network for reducing flicker. 
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